Safety and health of astronauts in space is one of the most important aspects of space exploration, 27 however, the genomic research about how a weightless space can affect astronaut's health was 28 limited. In this study, we sequenced 25 transcriptomic, 42 metabolomic and 35 metagenomic data 29 of 15 rhesus macaques (Macaca mulatta) spanning seven simulated weightlessness experiment 30 stages. We identified 84 genes, 1911 features and 55 genera which are significantly changed in 31 blood and muscle, hippocampal region, dorsomedial prefrontal cortex as well as fecal, respectively.
skeletal muscle and cardiac muscle, and it actives and transports fatty acids into the mitochondria for energy generation in skeletal muscle [27] . Calcitroic acid (HMDB06472) is a major metabolite Interestingly, out of these 55 genera, 43% of them had decreased in their abundance in the 135 experimental stages (T2~T4) and increase during the recovery phases (T5-T7). These genera 136 include such as Acinetobacter and Lactococcus, which is involved regulation of inflammation [33, 137 34, 35] and protection of infections [36] , indicating that HDBR caused a disorder in the rhesus 138 macaque's intestinal flora (Figure 3a and 3b ). The abundance of two genera had been decrease 139 continuously throughout the study, such as Bifidobacterium, which could modulate host immune 140 responses, inhibit infection by pathogens, and regulate intestinal microbial homeostasis [37, 38, 39] 141 ( Figure 3c ). In addition, we found 537 KOs with significantly changed abundance were assigned 142 into 139 genera, of which 27 genera were significantly changed during T1 to T7 (P<0.05).
143
Correlation analysis showed that 44.76% of pair-wise correlation between KOs and genera were 144 positive, whereas only 3.38% correlation were negative (R2>0.3, P<0.05) (Figure 3d ). This results
145
indicate that the changes of genera abundance positively affect the gut microbial function, such as 146 Myroides and Acinetobacter, which could help to improve the K00121, K00151, K00276, K00451 147 and K01555 which participate in tyrosine metabolism pathway. In summary, our findings revealed 148 that HDBR affects the abundance of gut microbiome, which might be related to the host immune 149 response and metabolism.
150

Transcription features of rhesus macaque in HDBR study
151
To investigate the effect of HDBR on gene expression in immune cells, we collected 25 blood 152 samples from five rhesus macaque individuals of six time points (T1, T3~T7) ( Figure 1 ). We 153 generated 779.09 M reads in six time points of HDBR analog (Table S4 ). Using pairwise 154 comparison of each time point, we detected 84 significantly differential expressed genes (DEGs, 155 fold change>2 and P<0.05) in at least two time points. We firstly focused on 65 DEGs in HDBR 156 (T3 and T4) comparing to the control (T1) and the recovery phases (T5~T7, Figure 4a ). These regulation of T cell differentiation (GO:0045580) and regulation of interleukin-2 production [36] [40] . In addition, we also found 71 DEGs in recovery status (T5~T7) comparing to the control 164 (T1, Figure 4a ), which were also mainly enriched in the immune system. Besides, WGCNA [25] 165 method was employed to construct genes co-expression networks in transcriptomes, 1941 genes 166 with max median absolute deviation (MAD) were clustered into eleven modules. In accordance 167 with the differential expression analysis, genes in the purple module were mainly related to immune 168 response (Table S8 ) with the expression dropped in HDBR.
immune response, such as butyrate regulates the size and function of the regulatory T cell network response and the reduced abundance of butyrate during HDBR might be related to the abundance Besides, previous study showed that 3-hydroxyphenylacetate is a by-product of the tyrosine 
201
Discussion 202
Living in a space environment with microgravity and motionless for long periods of time may have 203 adverse effects on immunity, metabolism and health. The first report from the Soviet immunologist,
204
Konstantinova and coworkers [44] , found that lymphocyte responsiveness to mitogens was 205 remarkably reduced after astronauts after a longtime spaceflight. In this study, we applied 206 transcriptomic, metabolomic and metagenomic analysis in a head down-tilt bed rest model to 207 elucidate the effect of spaceflight and analogue microgravity environment on biology functions. In 208 transcriptome data, DEGs were enriched in multiple biological processes mainly related to immune 209 response, indicating that gene expression has plausible functional connections with spaceflight and on immunity by combining metabolomics and metagenomics. We found that tyrosine metabolism, A six-week head-down tilted bed rest (HDBR) experiment was performed on rhesus macaques 239 to simulate weightlessness as described previously [45] . Briefly, rhesus macaques laid on beds, 240 which were tilted backward 10 °C from the horizontal. The head-down monkeys wore the 241 confinement jacket, which enabled them to be fixed to the bed. These rhesus macaques were housed 242 one per bed in rooms with air temperature maintained at 23 ± 2°C and a standard 12:12 h dark-243 light cycle (lights were turned on at 8:00 a.m. and off at 8:00 p.m.). After six weeks of HDBR, each 244 rhesus macaque was solely removed into stainless steel mesh cages to recovery for 32 days.
245
Throughout the duration of the experiment, rhesus macaques received an intensive humanistic care.
246
For instance, the rhesus macaques always had free access to food and water. Toys (such as the 
